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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium secondary cell of which 
particles of an activator and a solid state electrolyte are bonded with a 
bonding agent, having high ion conductivity and easy to manufacture. 
SOLUTION: The lithium secondary cell composed of a lithium ion 
conductive solid state electrolyte arranged between a positive and a 
negative electrodes which are made of an activating material and 
enabled to occlude and release lithium ion reversibly, and particles of 
the activating material and the solid state electrolyte are bonded by 
macromolecule shown by the formula (RxSiOy)n [R: alkyi group or allyl 
group, 1<x<1.4, 1.3<y<1.5, 500<n< 500.000]. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]It is a lithium secondary battery which allocates a solid electrolyte which has lithium ion conductivity 
between an anode and a negative electrode which consist of an active material in which reversible occlusion 
discharge of a lithium ion is possible, A lithium secondary battery binding particles of said active material and a 
solid electrolyte with polymers expressed with siOy) n t^-^'kyl group or an allyl group, 1<=x<=1.4, 1.3<=y<=1.5, 

500<=n<=500,000]. 

[Claim 2]The aforementioned (R^SiOy) ^[R : An alkyi group or an allyl group, The lithium secondary battery 

according to claim 1, wherein weight ratios contained in an electrode of polymers expressed with 1<=x<=1.4. 
1 .3<=y<=1 .5, and 500 <=n<=500,000] or a solid electrolyte are 1 % of the weight - 1 5 % of the weight. 



[Translation done.] 
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DETAILED DESCraPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the manufacturing method of the lithium secondary battery 
which has improved the ion conductivity between the particles of an active material and a solid electrolyte 
especially about the lithium secondary battery used for mobile computing devices, such as a notebook computer 
and a cellular phone. 
[0002] 

[Description of the Prior Art]Conventionally, the organic electrolysis liquid which dissolved lithium salt in the 
organic solvent is used for the electrolyte of the lithium secondary battery used as a power supply of mobile 

computing devices. 

The liquid spill had become a problem. 

Then, many trials which use a solid electrolyte instead of organic electrolysis liquid have been made. 
[0003]One of the solid electrolytes has a solid polymer electrolyte of the salt yne type in which polyether was 
made to dissolve lithium salt. In a salt yne type solid polymer electrolyte, when a lithium ion carries out hopping 
of between the oxygen atoms which are the elements (this element is hereafter called a hopping site.) which 
have a negative charge required for the ion conduction of a lithium ion, ion conduction becomes possible. 
[0004] However, in a salt yne type solid polymer electrolyte, since the ion conduction of a counter ion occurred 
while the ion conduction of a lithium ion occurs, there was a problem that the transference number to lithium ion 
conduction became low. 

[0005]On the other hand, as a solid electrolyte which only a lithium ion contributes to ion conduction, 0. Sulfide 
system noncrystalline solid electrolytes, such as 01 Li3PO4-0.63Li2S-0.36SiS2, Li^+^M^Tig.^^CPO^) 3[M has an 

inorganic solid electrolyte like oxide stock crystalline substance solid electrolytes, such as trivalent positive ion], 
such as aluminum. 

[0006] However, since an inorganic solid electrolyte was a brittle material, there was a problem that it was lacking 
in processability and slimming down was difficult. 

[0007]Then, it is examined that it is compatible in high ionic conductivity and the outstanding processability by 
binding the particles of an inorganic solid electrolyte with insulating polymers. For example, in JP,63-78405,A, 
the solid electrolyte which bound the particles of the inorganic solid electrolyte with any one or more sorts of 
plastic materials chosen from the group of polyethylene, polypropylene, styrene butadiene rubber, neoprene 
rubber, and silicone rubber is proposed. With such a solid electrolyte, it should excel also in processability, with 
the high ionic conductivity of an inorganic solid electrolyte maintained. 
[0008] 

[Problem(s) to be Solved by the Invention] However, in the above solid electrolytes, since the particles of a solid 
electrolyte were bound with insulating polymers, when insulating polymers existed between the solid electrolyte 
and the electrode, there was a problem that an ion conduction course was intercepted. In order to avoid 
interception of an ion conduction course, in a JP,63-78405,A gazette. Thickness of the layer which consists of 
binding materials needed to be made into thickness almost equal to the particle diameter of the particles of a 
solid electrolyte, and there was a problem that it was difficult to manufacture the layer which consists of 
thickness of such one particle, without generating an inter-electrode short circuit. 

[0009]This invention is made in view of the problem in the above-mentioned conventional technology, and the 
purpose is to provide the easy lithium secondary battery of manufacture, without reducing ion conductivity. 
[0010] 
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[Means for Solving the Problem]A lithium secondary battery concerning claim 1 of this invention, It is a lithium 

secondary battery which allocates a solid electrolyte which has lithium ion conductivity between positive and 

negative poles which consist of an active material in which reversible occlusion discharge of a lithium ion is 

possible. Particles of said active material and a solid electrolyte were bound with polymers expressed with 

(R SiO ) n tR^s'M Si'oup or an allyl group. 1<=x<=1.4. 1.3<=y<=1.5. 500<=n<=500,000]. 
X y 

[001 1]A lithium secondary battery concerning claim 2 of this invention, ^[[ aforementioned (R^SiOy) ] R: It is the 

feature that weight ratios contained in an electrode of polymers expressed with an alkyi group or an allyl group, 
l<=x<=1.4, 1.3<=y<=1.5. and 500 <=n<=500000] or a solid electrolyte are 1 % of the weight - 15 % of the weight. 

[0012]According to the lithium secondary battery of this invention, a /p cjo ) n[R:alkyl group or an allyl group, 

; X y 

Since polymers expressed with 1<=x<=1.4, 1.3<=y<=1.5, and 500 <=n<=500,000] have a hopping site with high 
density, in such polymers existing near the point of contact of particles of an active material and a solid 
electrolyte. Even if it fills up with not a layer but two or more particles which can reduce resistance to ion 
conduction between particles, and consist of thickness of one particle like before by this in the direction of layer 
thickness. Since it becomes easy to manufacture without not intercepting the ion conduction course and as a 
result generating an inter-electrode short circuit, a lithium secondary battery used, for example as a power 
supply of mobile computing devices can be manufactured at a high rate of an excellent article. 
[0013] 

[Embodiment of the Invention] Hereafter, this invention is explained in detail based on a drawing. Drawing 1 is a 
sectional view showing the example of the lithium secondary battery of this invention. As for a solid electrolyte 
and 4, in drawing 1 , the anode side charge collector and 2 are [ the negative-electrode side charge collector and 
6 ] battery cases a negative electrode and 5 an anode and 3 1. '/ 
[0014]The anode 2 and the negative electrode 4 bind an active material with polymers. As an active material 
used for the anode 2 and the negative electrode 4, At least one kind in a spinel type lithium manganese multiple 
oxide, a spinel type lithium-nickel-manganese multiple oxide, a spinel type lithium titanium multiple oxide, a spinel 
type lithium niobium titanium multiple oxide, and a spinel type lithium iron titanium multiple oxide is used. 
[001 5]If there is no anisotropy, therefore which field of a crystal exists [ these ] in the point of contact between 
particles, in order that the channel of a lithium ion may take the three-dimensional structure, since it is 
uninfluential in the ejection and insertion of a lithium ion, they are active materials suitable for the lithium- 
secondary battery using a solid electrolyte. These active materials have a small volume change accompanying 
charge and discharge, therefore since the crystal collapse accompanying charge and discharge does not take 
place easily, they are active materials suitable for the lithium secondary battery using a solid electrolyte. 
[0016]As polymers which bind the particles of positive active material and negative electrode active material, the 
polymers expressed with ^.q^ ^ [R:alkyl group or an allyl group. 1<=x<=1.4. 1.3<=y<=1.5. 500<=n<=500.000] are 

used. 

[0017]Since the oxygen atom in which these polymers serve as a hopping site for lithium ion conduction exists 
with high density, when these polymers exist near the point of contact of particles, the resistance to the ion 
conduction between particles is reduced. 

[0018]Such polymers are compounded from the monomer expressed with RSi(OR) 3 [RalkyI group or allyl group] 

and R2Si(0R) ^ [R:alkyl group or allyl group]. It is set to x= 1 and y= 1.5 when RSi(OR) 3 is 100%. If the addition 

of RgSiCOR) 2 is increased, the increase of the flexibility of polymers and a binding property will become good, 

but since the number of hopping sites becomes fewer, ion conductivity falls, x is large, and y becomes small as 
the addition of R2Si(0R) 2 is increased, but if set to x> 1.4 and y< 1.3, ion conductivity will fall extremely. 

Therefore, the polymers of the range of 1<=x<=1.4 and 1.3<=y<=1.5 are used. 

[0019]About (p ) ^ [RralkyI group or an allyl group. 1<=x<=1.4, 1.3<=y<=1.5. 500<=n<=500.000], in n< 500. 
X y 

Shape maintenance of the solid electrolyte which bound the particles of the electrode which bound the particles 
of the active material, and the solid electrolyte is not enough, Since the solubility to solvents, such as toluene 
later mentioned in n> 500.000, becomes low, distribution with the particles of an active material and a solid 
electrolyte becomes uneven and contact of particles worsens. Since ionic conductivity falls or the usage fee of a 
solvent increases extremely to dissolve polymers thoroughly, it becomes difficult to deal with it. 
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[0020]As for the weight ratio contained further again in the electrode of the polymers expressed with ^.q ^ ^ 

X y 

[R:alkyl group or an allyl group, 1<=x<=1.4, 1.3<=y<=1.5, 500<=n<=500.000], or a solid electrolyte, it is desirable 
that they are 1 % of the weight - 15 % of the weight. 

[0021]In less than 1 % of the weight, since the density of a hopping site [ / near the point of contact of 
particles ] is low and there are many openings, ionic conductivity falls. The above-mentioned polymers are what 
is added for the purpose of providing a hopping site near the point of contact of ion-conductive particles called 
the particles of an active material and a solid electrolyte, Since it will be the material which does not 
demonstrate ion conductivity in itself if there are no ion-conductive particles, if it exceeds 1 5 % of the weight, 
contact of particles will be checked and ionic conductivity will fall. 

[0022]In order to produce the anode 2 or the negative electrode 4, a conducting agent, a ^ ^[R:alkyl group. 

X y 

or allyl groups, such as an active material and a charge of a conductive carbon material, 1<=x<=1.4, 1.3<=y<=1.5, 
and 500 <=n<=500,000] are mixed, solvents, such as toluene, are added further, a slurry is adjusted, this slurry is 
applied to the anode side charge collector 1 or the negative-electrode side charge collector 5, and the method 
of hardening at 150-200 ** is used. Under the present circumstances, about 1% of the weight of an organotin 
compound may be added as a hardening accelerator. As such an organotin compound, dibutyldiacetoxytin etc. 
are used, for example. 

[0023]The solid electrolyte 3 binds a lithium-ion-conductivity crystalline substance oxide with polymers, and as 
this lithiumHon-conductivity crystalline substance oxide, ^^^+J^^^2-x^^^4^ 3^^ aluminum or Ga], Li^^^^yM^Ti2_ 
^SiyP3_y0^2C^ aluminum or Ga], When a univalent or divalent positive ion and M of Li^^^^.^^ x^x"'^'2-x^'^^4^ s'-^ 
are univalent and n= 1 and M are divalent, as for n= 2 and x, at least one kind in 0.1 - 0.5] is used. 
[0024]The polymers same as polymers which bind the solid electrolyte 3 as the polymers which bind the 
particles of positive active material and negative electrode active material are used. That is, it is ^ ^ 

X y 

[R:alkyl group or an allyl group, 1<=x<=1.4. 1.3<=y<=1.5, 500<=n<=500,000]. 

[0025]In order to produce the solid electrolyte 3, ^p gjQ j ^ [R:alkyl group or an allyl group, 1<=x<=1.4, 

1.3<=y<=1.5, 500<=n<=500,000] is mixed with a lithium-ion-conductivity crystalline substance oxide, Furthermore 
solvents, such as toluene, are added, a slurry is adjusted, this slurry is applied to the anode 2 and/or the 
negative electrode 4, and the method of hardening at 1 50-200 ** is used. 

[0026]Metallic foils, such as aluminium foil, are used for the anode side charge collector 1 and the negative- 
electrode side charge collector 5. 

[0027]The laminate film which laminated a polyethylene terephthalate film, aluminium foil, a polyethylene film, etc. 

is used for the battery case 6. 

[0028] 

[Example]Next, an example is explained about the lithium secondary battery of this invention. 
[0029][Example 1] ^[R: (R^SiOy) Lithium secondary battery A of this invention was produced by binding the 

particles of an active material and a solid electrolyte using a methyl group, x= 1.2, y= 1.4, and n= 10,000 - 
12,000]. 

[0030]Li^ ^Mn^ gO^ which is positive active material 86 % of the weight, carrying out weighing of the ^ [Rmethyl 

group, x= 1.2, y= 1.4, n= 10.000-12,000] which are 9 % of the weight and a binder about acetylene black which is 
a conducting agent (R SiO ) 5% of the weight — further — toluene — in addition, these were mixed and the 

X y 

slurry was adjusted. 

[0031] Applied this slurry on aluminium foil, it was made to harden by heat-treating at 200 ** for 2 hours, and the 
anode was formed. 

[0032]Li^ 33"'^'l 67^4 ^'^'^'^ '® negative electrode active material 88 % of the weight, carrying out weighing of the ^ 
[Rrmethyl group, x= 1.2, y= 1.4. n= 10,000-12,000] which are 9 % of the weight and a binder about acetylene black 
which is a conducting agent (R^SiO ) 3% of the weight — further — toluene — in addition, these were mixed and 

X y 

the slurry was adjusted. 

[0033]Applied this slurry on aluminium foil, it was made to harden by heat-treating at 200 ** for 2 hours, and the 
negative electrode was formed. 
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[0034]Li^ jaluminuniQgTi^ j(PO^) 3 which is a solid electrolyte 90 % of the weight ^[which is a binder (R^SiO^) — 

R: — carrying out weighing of a methyl group, x= 1.2, y= 1.4, and n= 10,000 - 12,000] 10% of the weight — 
further — toluene — in addition, these were mixed and the slurry was adjusted. 

[0035]After applying this slurry to the anode and the negative electrode and pasting these together, it was made 
to harden by heat-treating at 200 ** for 2 hours, and the battery element was formed. 

[0036]As for the size, the solid electrolyte set to 20 micrometers by the anode having set to 20 micrometers, 
and the negative electrode set 50x50 mm and thickness to 20 micrometers a total of 60 micrometers. 
[0037]After carrying out vacuum drying of the battery element over 2 hours at 200 **, it wrapped in the 
polyethylene terephthalate polyethylene aluminum polyethylene laminate film, and the battery case was formed 
by carrying out heating weld. 

[0038][Example 2] ^-^ ^ ^ [Rimethyl group, x= 1 .4, y= 1 .3, n= 1 0.000-1 2,000] was used for the polymers used 

X y 

for binding using the same active material material and solid electrolyte materials as Example 1, and lithium 
secondary battery B of this invention was produced. The weight ratio of a granular material and a binder and the 
manufacturing method were made the same as Example 1 . 

[0039][Example 3] (p gjQ [R:methyl group, x= 1.2, y= 1.4, n= 200.000-250,000] was used for the polymers used 
X y 

for binding using the same active material material and solid electrolyte materials as Example 1, and lithium 
secondary battery C of this invention was produced. The weight ratio of a granular material and a binder and the 
manufacturing method were made the same as Example 1 . 

[0040] [Example 4] Using the same active material material and solid electrolyte materials as Example 1, ^ 

X y 

^ [Rmethyl group. x= 1.2, y= 1.4, n= 450,000-500.000] was used for the polymers for binding, and lithium 

secondary battery D of this invention was produced. The weight ratio of a granular material and a binder and the 
manufacturing method were made the same as Example 1. 

[0041][Example 5] The polymer material further used for binding is used using the same active material material 
and solid electrolyte materials as Example 1, About such composition ratios, it is an anode. — Li^ ^^^^ 9^4 ^ 

acetylene black / (R^SiOy) ^[Rmethyl group. x= 1.2, y= 1.4, n=1 0,000-1 2,000]=81/9/10 % of the weight. 
Negative-electrode ~Li^ ^^Tt^ g^O^ / acetylene black / (R^SiOy) ^[R : A methyl group, x= 1.2, y= 1.4. n=1 0.000- 
12.000]=86/9/5 % of the weight. Solid-electrolyte ~Li^ galuminum^gTi^ i^^^A^ 3/^'^x^'^y^ rJ-^' ^ ^^^^^^ group, 
x= 1.2, y= 1.4, and lithium secondary battery E made into n=1 0,000-1 2,000]=90 / 10 % of the weight were 
produced. Other manufacturing methods were made to be the same as that of Example 1. 
[0042][Example 6] Active material material, solid electrolyte materials, and the polymer material for binding are 
used like Example 1, About such composition ratios, it is an anode. — Li^ 9^4 ^ acetylene black / (R^SiOy) 

^[Rmethyl group, x= 1.2. y= 1.4. n=l 0,000-1 2,000]=88/9/3 % of the weight, Negative-electrode — Li^ ^^Ti^ g^O^ / 
acetylene black / (R^SiOy) ^[R : A methyl group, x= 1.2. y= 1.4, n=1 0,000-1 2,000]=90/9/1 % of the weight. Solid- 
electrolyte — Li^ 3aluminumQ3Ti^ 7^'^^4^ S^^'^x^'^y^ n'-''' ^ rn^thyl group. x= 1.2. y= 1.4. and lithium secondary 
battery F made into n=1 0,000-1 2.000]=90 / 10 % of the weight were produced. Other manufacturing methods 
were made to be the same as that of Example 1 . 

[Comparative example 1] ^ ^[R which separated from the polymers used for binding from the generic claim 

X y 

of this invention while using the same active material material and solid electrolyte materials as Example 1 : A 
methyl group, Lithium secondary battery G using x= 1.8, y= 1.1, and n= 10.000 - 12,000] was produced. The 
weight ratio of a granular material and a binder and the manufacturing method were made to be the same as that 
of Example 1 . 

[Comparative example 2] Although the same active material material and solid electrolyte materials as Example 1 
are used, s\0^ rS-^ from which the molecular weight of the polymers used for binding separated from the 

generic claim of this invention: Lithium secondary battery H was produced using a methyl group. x= 1.2, y= 1.4, 
and n= 1 .000.000 - 1 ,500,000]. The weight ratio of a granular material and a binder and the manufacturing method 
were made to be the same as that of Example 1. 

[Comparative example 3] Although the polymers for binding also use ^ [Rmethyl group, x= 1.2, y= 1.4, n= 10,000- 
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12.000] which is a generic claim of this invention (R^SiOy) using the same active material material and solid 
electrolyte materials as Example 1, Such composition ratios are anodes. — Li^ I'^^l 9^4 ^ acetylene black / 
(R^SiOy) ^[R:methyl group. x= 1.2, y= 1.4, n=1 0,000-1 2,000]=7 1/9/20 % of the weight. Negative-electrode ~ 
L'l asT'i 67°4 / acetylene black / (R^SiOy) JR : A methyl group, x= 1.2, y= 1.4. n=1 0,000-1 2.000]=71/9/20 % of 
the weight. Solid electrolyte — Li^ 3aluminumQ3Ti^ 7^P^4^ n'-'^ * ^ n^^^hyl group. x= 1.2. y= 1.4. and 

n=1 0.000-1 2,000]=80 / 20 % of the weight. Lithium secondary battery I from which it separated from the generic 
claim of this invention was produced. Other manufacturing methods were made to be the same as that of 
Example 1. 

[0043] [Comparative example 4] While using the same active material material and solid electrolyte materials as 

Example 1. the polymers used for bindjng A ^-q ^ ^[R:alkyl group or an allyl group, 1<=x<=1.4, 1.3<=y<=1.5, and 

X y 

not 500<=n<=500.000] but the conventional lithium secondary battery J made into styrene butadiene rubber was 
produced. The weight ratio of a granular material and a binder and the manufacturing method were made to be 
the same as that of Example 1 . 

[0044]And when the charge-and-discharge capacitance characteristics of the positive-active-material standard 
were searched for with the current density of 100microA/cm^ using the charge-and-discharge measuring device 
about these lithium secondary battery A, B, C, D. E. F. G, H. I, and J. the result as shown in Table 1 was 
obtained. 



[0045] 
[Table 1] 





%m& (mg) 


*«/»S«fi (mAh) 




1 54/1 5 0 


16/15 




1. 5 5 / 1 5 O 


13/11 




1 5 3/1 5 5 


16/15 




15 1/15 2 


13/11 




15 4/153 


1 2/1 0 




1 5 5/1 5 5 


12/10 




1 5 4/1 4 8 


8/ 5 




1 5 5/1 4 9 


d/ 6 




15 5/157 


5/ 2 




1 5 2/1 4 9 


0/0 



[0046]In this table, the fill ration (mg) of positive active material and negative electrode active material and the 
characteristic of charge-and-discharge capacity (mAh) are shown. 

[0047]In the passage clear from the table, the lithium secondary batteries A-F concerning this invention show 
high charge-and-discharge capacity. 

[0048] However, although it was polymers of the similar presentation, in lithium secondary battery G produced 
using the polymers which separate from the generic claim of this invention, charge-and-discharge capacity fell 
substantially. Charge-and-discharge capacity fell [ the lithium secondary batteries H and I from which the weight 
ratio of a granular material and a binder separates from the generic claim of this invention ] substantially. In 
conventional lithium secondary battery J bound using styrene butadiene rubber, charge-and-discharge capacity 
serves as zero. 

[0049]The particles of the active material and solid electrolyte like this invention in this way A y^[R:alkyl 

X y 

group or an allyl group, In the lithium secondary battery bound with 1<=x<=1.4. 1.3<=y<=1,5. and 500 
<=n<=500,000]. Since the polymers which bind particles have a hopping site with high density, it becomes a 
lithium secondary battery which can reduce the resistance to the ion conduction between particles, and, as a 
result, has good charge-and-discharge capacitance characteristics in such polymers existing near the point of 
contact of particles. 

[0050]The particle diameter of the particles of a solid electrolyte was 0.5 micrometer, was having formed 20 
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micrometers and a thick solid electrolyte layer to this particle diameter, and in producing each sample of an 

above-mentioned example, it did not cause the short circuit between positive and negative poles. 

[0051] 

[Effect of the Invention]As mentioned above, in this invention, it used having bound the particles of the active 
material and the solid electrolyte with the polymers expressed with ^ ^ [RialkyI group or an allyl group, 

K=x<=1.4. 1.3<=y<=1.5, 500<=n<=500,000]. 

In the binder which has a hopping site with high density existing near the point of contact of the particles of an 
active material and a solid electrolyte by that cause, the lithium secondary battery which can reduce the 
resistance to the ion conduction between particles, and has a good battery characteristic as a result was able to 
be manufactured easily, and was able to be provided. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL HELD 

[Field of the Invention]This invention relates to the manufacturing method of the lithium secondary battery 
which has improved the ion conductivity between the particles of an active material and a solid electrolyte 
especially about the lithium secondary battery used for mobile computing devices, such as a notebook computer 
and a cellular phone. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art]Conventionally, the organic electrolysis liquid which dissolved lithium salt in the 
organic solvent is used for the electrolyte of the lithium secondary battery used as a power supply of mobile 
computing devices. 

The liquid spill had become a problem. 

Then, many trials which use a solid electrolyte instead of organic electrolysis liquid have been made. 
[0003]One of the solid electrolytes has a solid polymer electrolyte of the salt yne type in which polyether was 
made to dissolve lithium salt. In a salt yne type solid polymer electrolyte, when a lithium ion carries out hopping 
of between the oxygen atoms which are the elements (this element is hereafter called a hopping site.) which 
have a negative charge required for the ion conduction of a lithium ion, ion conduction becomes possible. 
[0004] However, in a salt yne type solid polymer electrolyte, since the ion conduction of a counter ion occurred 
while the ion conduction of a lithium ion occurs, there was a problem that the transference number to lithium ion 
conduction became low. 

[0005]On the other hand, as a solid electrolyte which only a lithium ion contributes to ion conduction, 0. Sulfide 
system noncrystalline solid electrolytes, such as 01 Li3PO4-0.63Li2S-0.36SiS2, Li^^^M^Ti2_j^(P04) ^[M has an 

inorganic solid electrolyte like oxide stock crystalline substance solid electrolytes, such as trivalent positive ion], 
such as aluminum. 

[0006] However, since an inorganic solid electrolyte was a brittle material, there was a problem that it was lacking 
in processability and slimming down was difficult. 

[0007]Then, it is examined that it is compatible in high ionic conductivity and the outstanding processability by 
binding the particles of an inorganic solid electrolyte with insulating polymers. For example, in JP,63-78405,A, 
the solid electrolyte which bound the particles of the inorganic solid electrolyte with any one or more sorts of 
plastic materials chosen from the group of polyethylene, polypropylene, styrene butadiene rubber, neoprene 
rubber, and silicone rubber is proposed. With such a solid electrolyte, it should excel also in processability, with 
the high ionic conductivity of an inorganic solid electrolyte maintained. 
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EFFECT OF THE INVENTION 



[Effect of the Invention]As mentioned above, in this invention, it used having bound the particles of the active 
material and the solid electrolyte with the polymers expressed with ^ ^ [RalkyI group or an allyl group, 

1<=x<=1.4, 1.3<=y<=1.5. 500<=n<=500.000]. 

In the binder which has a hopping site with high density existing near the point of contact of the particles of an 
active material and a solid electrolyte by that cause, the lithium secondary battery which can reduce the 
resistance to the ion conduction between particles, and has a good battery characteristic as a result was able to 
be manufactured easily, and was able to be provided. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, in the above solid electrolytes, since the particles of a solid 
electrolyte were bound with insulating polymers, when insulating polymers existed between the solid electrolyte 
and the electrode, there was a problem that an ion conduction course was intercepted. In order to avoid 
interception of an ion conduction course, in a JP,63-78405.A gazette. Thickness of the layer which consists of 
binding materials needed to be made into thickness almost equal to the particle diameter of the particles of a 
solid electrolyte, and there was a problem that it was difficult to manufacture the layer which consists of 
thickness of such one particle, without generating an inter-electrode short circuit. 

[0009]This invention is made in view of the problem in the above-mentioned conventional technology, and the 
purpose is to provide the easy lithium secondary battery of manufacture, without reducing ion conductivity. 
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MEANS 

[Means for Solving the Problem]A lithium secondary battery concerning claim 1 of this invention, It is a lithium 

secondary battery which allocates a solid electrolyte which has lithium ion conductivity between positive and 

negative poles which consist of an active material in which reversible occlusion discharge of a lithium ion is 

possible, Particles of said active material and a solid electrolyte were bound with polymers expressed with 

(R SiO ) n [R^^'kyl group or an allyl group. 1<=x<=1.4, 1.3<=y<=1.5, 500<=n<=500,000]. 
X y 

[001 1]A lithium secondary battery concerning claim 2 of this invention, Jil aforementioned (R^SiOy) ] R: It is the 

feature that weight ratios contained in an electrode of polymers expressed with an alkyi group or an allyl group, 

1<=x<=1.4, 1.3<=y<=1.5, and 500 <=n<=500000] or a solid electrolyte are 1 % of the weight - 15 % of the weight. 

[0012]According to the lithium secondary battery of this invention, a ^-q ^ ^[Rialkyl group or an allyl group, 

X y 

Since polymers expressed with 1<=x<=1.4, 1.3<=y<=1.5, and 500 <=n<=500,000] have a hopping site with high 
density, in such polymers existing near the point of contact of particles of an active material and a solid 
electrolyte. Even if it fills up with not a layer but two or more particles which can reduce resistance to ion 
conduction between particles, and consist of thickness of one particle like before by this in the direction of layer 
thickness, Since it becomes easy to manufacture without not intercepting the ion conduction course and as a 
result generating an inter-electrode short circuit, a lithium secondary battery used, for example as a power 
supply of mobile computing devices can be manufactured at a high rate of an excellent article. 
[0013] 

[Embodiment of the Invention] Hereafter, this invention is explained in detail based on a drawing. Drawing 1 is a 
sectional view showing the example of the lithium secondary battery of this invention. As for a solid electrolyte 
and 4, in drawing 1 , the anode side charge collector and 2 are [ the negative-electrode side charge collector and 
6 ] battery cases a negative electrode and 5 an anode and 3 1 . 

[0014]The anode 2 and the negative electrode 4 bind an active material with polymers. As an active material 
used for the anode 2 and the negative electrode 4, At least one kind in a spinel type lithium manganese multiple 
oxide, a spinel type lithium-nickel-manganese multiple oxide, a spinel type lithium titanium multiple oxide, a spinel 
type lithium niobium titanium multiple oxide, and a spinel type lithium iron titanium multiple oxide is used. 
[0015]If there is no anisotropy, therefore which field of a crystal exists [ these ] in the point of contact between 
particles, in order that the channel of a lithium ion may take the three-dimensional structure, since it is 
uninfluential in the ejection and insertion of a lithium ion, they are active materials suitable for the lithium 
secondary battery using a solid electrolyte. These active materials have a small volume change accompanying 
charge and discharge, therefore since the crystal collapse accompanying charge and discharge does not take 
place easily, they are active materials suitable for the lithium secondary battery using a solid electrolyte. 
[0016]As polymers which bind the particles of positive active material and negative electrode active material, the 
polymers expressed with (p ^-q^ ^ [RralkyI group or an allyl group, 1<=x<=1.4, 1.3<=y<=1.5, 500<=n<=500.000] are 

used. 

[0017]Since the oxygen atom in which these polymers serve as a hopping site for lithium ion conduction exists 
with high density, when these polymers exist near the point of contact of particles, the resistance to the ion 
conduction between particles is reduced. 

[0018]Such polymers are compounded from the monomer expressed with RSi(OR) 3 [R:alkyl group or allyl group] 
and RgSKOR) 2 [R:alkyl group or allyl group]. It is set to x= 1 and y= 1.5 when RSi(OR) 3 is 100%. If the addition 
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of R2Si(OR) 2 is increased, the increase of the flexibility of polymers and a binding property will become good, 

but since the number of hopping sites becomes fewer, ion conductivity falls, x is large, and y becomes small as 
the addition of R2Si(0R) 2 is increased, but if set to x> 1.4 and y< 1.3, ion conductivity will fall extremely. 

Therefore, the polymers of the range of 1<=x<=1.4 and 1.3<=y<=1.5 are used. 

[0019]About (p ) ^ [RralkyI group or an allyl group, 1<=x<=1.4. 1.3<=y<=1.5. 500<=n<=500.000], in n< 500. 
X y 

Shape maintenance of the solid electrolyte which bound the particles of the electrode which bound the particles 
of the active material, and the solid electrolyte is not enough. Since the solubility to solvents, such as toluene 
later mentioned in n> 500,000, becomes low, distribution with the particles of an active material and a solid 
electrolyte becomes uneven and contact of particles worsens, Since ionic conductivity falls or the usage fee of a 
solvent increases extremely to dissolve polymers thoroughly, it becomes difficult to deal with it. 

[0020]As for the weight ratio contained further again in the electrode of the polymers expressed with ^-q ) ^ 

X y 

[RralkyI group or an allyl group, 1<=x<=1.4, 1.3<=y<=1.5, 500<=n<=500.000]. or a solid electrolyte, it is desirable 
that they are 1 % of the weight - 1 5 % of the weight. 

[0021 ]In less than 1 % of the weight, since the density of a hopping site [ / near the point of contact of 
particles ] is low and there are many openings, ionic conductivity falls. The above-mentioned polymers are what 
is added for the purpose of providing a hopping site near the point of contact of ion-conductive particles called 
the particles of an active material and a solid electrolyte, Since it will be the material which does not 
demonstrate ion conductivity in itself if there are no ion-conductive particles, if it exceeds 15 % of the weight, 
contact of particles will be checked and ionic conductivity will fall. 

[0022]In order to produce the anode 2 or the negative electrode 4, a conducting agent, a gjQ^ ^[R:alkyl group, 

or allyl groups, such as an active material and a charge of a conductive carbon material, 1<=x<=1.4, 1.3<=y<=1.5. 
and 500 <=n<=500,000] are mixed, solvents, such as toluene, are added further, a slurry is adjusted, this slurry is 
applied to the anode side charge collector 1 or the negative-electrode side charge collector 5, and the method 
of hardening at 150-200 ** is used. Under the present circumstances, about 1% of the weight of an organotin 
compound may be added as a hardening accelerator. As such an organotin compound, dibutyldiacetoxytin etc. 
are used, for example. 

[0023]The solid electrolyte 3 binds a lithium-ion-conductivity crystalline substance oxide with polymers, and as 
this lithium-ion-conductivity crystalline substance oxide, Li^^^M^Tig.^^CPO^) 3[M aluminum or Ga], '-ii+x+y^x"'"'2- 
j^SiyP3_y0^2f^ aluminum or Ga], When a univalent or divalent positive ion and M of Li^^^^.^^ x^x^'2-x^'^^4^ 3^'^ 
are univalent and n= 1 and M are divalent, as for n= 2 and x, at least one kind in 0.1 - 0.5] is used. 
[0024]The polymers same as polymers which bind the solid electrolyte 3 as the polymers which bind the 
particles of positive active material and negative electrode active material are used. That is, it is ^p ^ ^ 

[RialkyI group or an allyl group, 1<=x<=1.4, 1.3<=y<=1.5, 500<=n<=500,000]. 

[0025]In order to produce the solid electrolyte 3, ^p j ^ [RralkyI group or an allyl group, 1<=x<=1.4, 

1.3<=y<=1.5, 500<=n<=500,000] is mixed with a lithium-ion-conductivity crystalline substance oxide. Furthermore 
solvents, such as toluene, are added, a slurry is adjusted, this slurry is applied to the anode 2 and/or the 
negative electrode 4, and the method of hardening at 150-200 ** is used. 

[0026]Metallic foils, such as aluminium foil, are used for the anode side charge collector 1 and the negative- 
electrode side charge collector 5. 

[0027]The laminate film which laminated a polyethylene terephthalate film, aluminium foil, a polyethylene film. etc. 
is used for the battery case 6. 
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EXAMPLE 



[Example] Next, an example is explained about the lithium secondary battery of this invention. 

[0029] [Example 1] ^[R: (R^SiOy) Lithium secondary battery A of this invention was produced by binding the 

particles of an active material and a solid electrolyte using a methyl group, x= 1 .2, y= 1 .4, and n= 1 0,000 - 
12,000]. 

[0030]Li^ ^Mn^ gO^ which is positive active material 86 % of the weight, carrying out weighing of the ^ [R:methyl 

group, x= 1.2, y= 1.4. n= 10,000-12,000] which are 9 % of the weight and a binder about acetylene black which is 

a conducting agent (R^SiO J 5% of the weight — further — toluene — in addition, these were mixed and the 

X y 

slurry was adjusted. 

[0031]Applied this slurry on aluminium foil, it was made to harden by heat-treating at 200 ** for 2 hours, and the 
anode was formed. 

[0032]Li^ 33X1^ gyO^ which is negative electrode active material 88 % of the weight, carrying out weighing of the ^ 

[Rrmethyl group, x= 1.2, y= 1.4, n= 10,000-12,000] which are 9 % of the weight and a binder about acetylene black 
which is a conducting agent (R SiO ) 3% of the weight — further — toluene — in addition, these were mixed and 

X y 

the slurry was adjusted. 

[0033]Applied this slurry on aluminium foil, it was made to harden by heat-treating at 200 ** for 2 hours, and the 
negative electrode was formed. 

[0034]Li^ 3aluminumQ3Ti^ 7^'^^4^ 3 which is a solid electrolyte 90 % of the weight, ^[which is a binder (R^SiOy) — 

R: — carrying out weighing of a methyl group, x= 1.2. y= 1.4, and n= 10,000 - 12,000] 10% of the weight — 
further — toluene — in addition, these were mixed and the slurry was adjusted. 

[0035]After applying this slurry to the anode and the negative electrode and pasting these together, it was made 
to harden by heat-treating at 200 ** for 2 hours, and the battery element was formed. 

[0036]As for the size, the solid electrolyte set to 20 micrometers by the anode having set to 20 micrometers, 
and the negative electrode set 50x50 mm and thickness to 20 micrometers a total of 60 micrometers. 
[0037]After carrying out vacuum drying of the battery element over 2 hours at 200 **, it wrapped in the 
polyethylene terephthalate polyethylene aluminum polyethylene laminate film, and the battery case was formed 
by carrying out heating weld. 

[0038] [Example 2] j ^ [Rrmethyl group. x= 1.4, y= 1.3, n= 10.000-12,000] was used for the polymers used 

X y 

for binding using the same active material material and solid electrolyte materials as Example 1 , and lithium 
secondary battery B of this invention was produced. The weight ratio of a granular material and a binder and the 
manufacturing method were made the same as Example 1: 

[0039] [Example 3] (p ^ ^ [R:methyl group. x= 1.2. y= 1.4. n= 200.000-250,000] was used for the polymers used 

X y 

for binding using the same active material material and solid electrolyte materials as Example 1 , and lithium 
secondary battery C of this invention was produced. The weight ratio of a granular material and a binder and the 
manufacturing method were made the same as Example 1 . 

[0040][Example 4] Using the same active material material and solid electrolyte materials as Example 1 , ^ 

^ [Rmethyl group, x= 1.2. y= 1.4. n= 450,000-500,000] was used for the polymers for binding, and lithium 

secondary battery D of this invention was produced. The weight ratio of a granular material and a binder and the 
manufacturing method were made the same as Example 1 . 
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[0041][Example 5] The polymer material further used for binding is used using the same active material material 
and solid electrolyte materials as Example 1, About such composition ratios, it is an anode. — Li^ l^'^l 9^4 ^ 
acetylene black / (R^SiOy) ^[Rmethyl group, x= 1.2. y= 1.4. n=1 0.000-1 2.000]=81/9/10 % of the weight. 
Negative-electrode ~Li^ ^^\^ g^O^ / acetylene black / (R^SiOy) ^[R : A methyl group. x= 1.2, y= 1.4. n=10.000- 
1 2.000]=86/9/5 % of the weight. Solid-electrolyte ~Li^ 3aluminumQ3Ti^ -7(P04) sARxSiOy) ^[R: A methyl group. 

x= 1.2. y= 1.4, and lithium secondary battery E made into n=1 0,000-1 2.000]=90 / 10 % of the weight were 
produced. Other manufacturing methods were made to be the same as that of Example 1 . 
[0042][Example 6] Active material material, solid electrolyte materials, and the polymer material for binding are 
used like Example 1. About such composition ratios, it is an anode. — Li^ 9^4 ^ acetylene black / (R^SiOy) 

^[R:methyl group, x= 1.2. y= 1.4. n=1 0.000-1 2.000]=88/9/3 % of the weight. Negative-electrode ~l-i^ ggTi^ g^O^ / 
acetylene black / (R^SiOy) ^[R : A methyl group. x= 1.2, y= 1.4, n=1 0,000-1 2,000]=90/9/1 % of the weight. Solid- 
electrolyte — Li^ galuminumQgTi^ 1^^^ S'^^^x^'^y^ n'^'^' ^ "methyl group, x= 1.2, y= 1.4. and lithium secondary 
battery F made into n=1 0,000-1 2,000]=90 / 10 % of the weight were produced. Other manufacturing methods 
were made to be the same as that of Example 1 . 

[Comparative example 1] j ^[R which separated from the polymers used for binding from the generic claim 

x y 

of this invention while using the same active material material and solid electrolyte materials as Example 1 : A 
methyl group, Lithium secondary battery G using x= 1.8, y= 1.1, and n= 10,000 - 12,000] was produced. The 
weight ratio of a granular material and a binder and the manufacturing method were made to be the same as that 
of Example 1 . 

[Comparative example 2] Although the same active material material and solid electrolyte materials as Example 1 

are used, ^ ^[R from which the molecular weight of the polymers used for binding separated from the 

X y 

generic claim of this invention: Lithium secondary battery H was produced using a methyl group. x= 1 .2, y= 1 .4, 
and n= 1.000,000 - 1.500.000]. The weight ratio of a granular material and a binder and the manufacturing method 
were made to be the same as that of Example 1 . 

[Comparative example 3] Although the polymers for binding also use ^ [R:methyl group, x= 1.2. y= 1.4, n= 10.000- 
12.000] which is a generic claim of this invention (R^SiO ) using the same active material material and solid 

X y 

electrolyte materials as Example 1, Such composition ratios are anodes. — Li^ 9^4 ^ acetylene black / 
(R^SiOy) ^[R:methyl group, x= 1.2, y= 1.4, n=1 0,000-1 2,000]=71/9/20 % of the weight, Negative-electrode — 
Li^ 33Ti^ g^04 / acetylene black / (R^SiOy) ^[R : A methyl group. x= 1.2. y= 1.4, n=1 0,000-1 2,000]=71/9/20 % of 
the weight. Solid electrolyte — Li^ galuminumggTi^ 7^'^^4^ S'^^^x^'^y^ ^ • ^ rn^thyl group, x= 1.2, y= 1.4, and 
n=1 0,000-1 2,000]=80 / 20 % of the weight, Lithium secondary battery I from which it separated from the generic 
claim of this invention was produced. Other manufacturing methods were made to be the same as that of 
Example 1. 

[0043] [Comparative example 4] While using the same active material material and solid electrolyte materials as 
Example 1, the polymers used for binding A /p 0:0 ) nCR^a'M group or an allyl group, 1<=x<=1.4, 1.3<=y<=1.5, and 

X y 

not 500<=n<=500,000] but the conventional lithium secondary battery J made into styrene butadiene rubber was 
produced. The weight ratio of a granular material and a binder and the manufacturing method were made to be 
the same as that of Example 1 . 

[0044]And when the charge-and-discharge capacitance characteristics of the positive-active-material standard 

were searched for with the current density of lOOmicroA/cm^ using the charge-and-discharge measuring device 

about these lithium secondary battery A. B, C, D, E, F, G, H, I, and J. the result as shown in Table 1 was 

obtained. 

[0045] 

[Table 1] 
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[0046]In this table, the fill ration (mg) of positive active material and negative electrode active material and the 
characteristic of charge-and-discharge capacity (mAh) are shown. 

[0047]In the passage clear from the table, the lithium secondary batteries A-F concerning this invention show 
high charge-and-discharge capacity. 

[0048] However, although it was polymers of the similar presentation, in lithium secondary battery G produced 
using the polymers which separate from the generic claim of this invention, charge-and-discharge capacity fell 
substantially. Charge-and-discharge capacity fell [ the lithium secondary batteries H and I from which the weight 
ratio of a granular material and a binder separates from the generic claim of this invention ] substantially. In 
conventional lithium secondary battery J bound using styrene butadiene rubber, charge-and-discharge capacity 
serves as zero. 

[0049]The particles of the active material and solid electrolyte like this invention in this way A ^ ^[R:alkyl 

X y 

group or an allyl group, In the lithium secondary battery bound with 1<=x<=1.4, 1.3<=y<=1.5, and 500 
<=n<=500.000]. Since the polymers which bind particles have a hopping site with high density, it becomes a 
lithium secondary battery which can reduce the resistance to the ion conduction between particles, and, as a 
result, has good charge-and-discharge capacitance characteristics in such polymers existing near the point of 
contact of particles. 

[0050]The particle diameter of the particles of a solid electrolyte was 0.5 micrometer, was having formed 20 
micrometers and a thick solid electrolyte layer to this particle diameter, and in producing each sample of an 
above-mentioned example, it did not cause the short circuit between positive and negative poles. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a sectional view showing an example of the embodiment of the lithium secondary battery of this 
invention. 

[Description of Notations] 

1: The anode side charge collector, 2:anode, 3:solid electrolyte, and 4:negative-electrode side and 5:negative- 
electrode side charge collector, 6 : battery case 
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DRAWINGS 



[Drawing 1] 




[Translation done.] 
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